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��� 1.[14 ³ ]
hC?�P����O9�� 8���l����G��;
	�³ s z7{ t �HP'����� 8����������[CL��X; ^�CP�����W��XP��dP��� ��! e|���C}|[
(a)[3 ³ ] nQP����"� � 8Ga|s��$#&%�'�¤�(p[�) ����'+*,*-*.�/ *-*-*10�P�2�v�;Bt£��P .�/ �
354�¤�6ClSA f�nHop[ s t
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(b)[3 ³ ] a (a) P�#7%�'Ml�8��MfB}$%���wH����; s-t 9��®9 (S, T ) = ({s, a, b}, {t, c, d}) P��
 +:&;+<�³ t l>=@?�T+A�� � 8 �BDC�vFE�}Un@o>�HG�IS¤J(|[
(c)[4 ³ ] nSPGagsdP_�F��� � 85�LKNM�O7PFQdl"(C�R�5�"(�[ ¬�{�l�;_�+��� � 8@l��_ O}TSU �V�®9W�'85�@�_A fGoGo�cBlg��XF9��m9R�H���"(�[�Y�Z\[�]_^�`GPS^@a@bMl������&c@?O}��� 8U;&S U �d�m9W�'85����(Le�f5gG« s − t K"M"�
3�4�¤D6dlSAmf�nHo [
(d)[4 ³ ] Cih�P��j�79���85��l��G����;�	U³ s, a :�k�lU³�;�	�³ c, t :�;�<G³ o��nmpoq��
>�µS;�	�³ s P�klF D: 4, 	�³ a P�kl+ D: 2, 	�³ c P�;�<� D: 4, 	�³ t P�;�<� D: 2 o
 O} [7nSP�;+<7kl��sr£B �� � 8��>���U}Ba_s����D��� � 8Xa_sMl�t�u/e|�'\3fwv�QClS´��
��;�x�yFzXlH{5IS¤j( |-}D~HlD� � 85�>�5��}$�+<@WGL���� [
�B� 1 �i�+�7�

(a) PS]Mµ
2006 ���+� 5 �UP�4�5D��� 5 jX8�kD�g=+��[

(b) PS]Oµ
2006 ���+� 6 �UP�4�5D��� 2 jX8�k ( �F� 2) �g=+��[

(c) PS]Oµ
�+��� � 8XPi�7�
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(d) PS]Oµ
2006 ���+� 6 �UP�4�5D��� 5–6 jX8@k��g=F��[
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��� 2.[10 ³ ]

(a)[2 ³ ] ��X��Gw�� � 8Ha_sOlS´U�U��>Mµ�} [��CµC{W?@5� � 8+:B��X���w�vFE�}UnHogP��
<���� .�/ �B; ) S U �d�m9W�g8���0 o~� m���	 � �M����
� (�[
(b)[4 ³ ] ��bU?�P��V�m9W�g8���l&���U} �X��Gw�� � 8��>�������[ t l����U}s;+<� (s l
���X}$k�l" ) W 4 o  ®} [G^��dP���iCP��D��W��N �;_h�idP�����W���w � !  �[�h£b�?UPN�� 8 x ���G¯�� � 8mo�e|��;����������Q��gwH������X��Gw � � 85�H���"(�[�Y�Z\[�]_^�`�P
^a@bOl��G�U�ic@?7}@� � 8U;�S U �d�m9��g8���� (Le�f5g�«��������s3�4�¤�6dlSA f�nHo [
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flow x

(c)[4 ³ ] b&hCP �"!$#&%$'�a_s�W�;��X$��w � � 8Ha's7l�t@u e|�_\ f�nHos:Uv�(U} [ NQP
( m�lOe|�it�u� O}�z�;&{5IS¤J( [£ª��; 2 ´HP�a's�P_\ | � � 8@�":®NQP5(�m LG�*)7l�EX}
z�;&{�IS¤\( | a's\� \3fW�+<@W�L��7� [

[ ��!�#+%�'@a's ] 4 ,HP�-�. A, B, C, D � 2 ´XP ��!�# X, Y

l�/ �10���G��[�U«me ;�^&��!#@P�#32�W 3 4OªGvmogL��
���d} [mn�POo�(B;&-�.HP�r�5��£P�¡�I��g�+�Cl' 7}�l�WON
P�( m�l*/��60��G®{ ����z87

r95�� A B C D

�"!�# X 6 8 5 9

�"!�# Y 9 1 5 3

�B� 2 �i�+�7�
(a) PS]Mµ
2006 ���+� 7 �UP�4�5D��� 4 jX8�kD�g=+��[

(b) PS]Oµ
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optimal flow

(c) PS]Oµ
2006 ���+� 7 �UP�4�5D��� 7 jX8�kD�g=+��[
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��� 3.[12 ³ ]��� L7e|P�����2UI��Ha's ) ��X@' f(x)
.7/

x ∈ Rn 0�lS´U�U�B>Mµ�} [mn�n_v f(x)

W Rn C�v7#�5 ¬ ?@�;	����v£c�
 ��Z�CLG�>�/o  O}Q[
(a)[4 ³ ] ��� f(x) P�����³@P7#�5 � 
$�J(|[�ªG�;����X³@W��+X�\C;��N��\d;��H³HP����� l � � ¬w?O}�:�;�n
?/{|P�#�5MlS´U�U�£c 
� (~[
(b)[1 ³ ] �&%����19 ZMlS´U�U��; )�� ��P x l"!/e|; ∇f(x) 6= 0 L7{$#�;3����X ¬ � δ > 0

l"!/eQ� 0 o~� m �+�":&%3{W?����d}Q[mnGnSvG; '"(H�)*dP,+�l�W�;H�>�
� f(x− δ∇f(x)) o f(x) l��_ 7}�Y�±�%":�-®}Q[®n_P	).*Ol$-D?7}�P�l0/��dL�Y�±D%��'A�(
Ld¬ ��[
(c)[3 ³ ] � �19 Z x

∗ W �1� LOe a'sdP_��/�\ op O} [®n�POo�(�; x
∗ :��2�U³�vFEX}UnXo��

G�IS¤j(~[�a (b) v�33e .�&%�� �19 Z£P��+��� �O���Cc(g��[
(d)[4 ³ ]

��� LOe P����D2UI��Ha'sOl�!G O} ��465�b�QClS´��U��;&718"zXL@Y&91:<;iY�� (
eFY�Zj[�]w^D`�P�=�?��L{�I7eQL�¬ ��[
�B� 3 �i���7�
(a) PS]Mµ
2006 ���+� 9 �UP�4�5D��� 2–3 jX8@k��g=F��[

(b) PS]Oµ
2006 ���+� 9 �UP�4�5D��� 1 jX8�kD�g=+��[

(c) PS]Oµ
2006 ���+� 9 �UP�4�5D��� 2 jX8�kD�g=+��[

(d) PS]Oµ
2006 ���+� 9 �UP�4�5D��� 3 jX8�kD�g=+��[
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��� 4.[14 ³ ]��� L7e|P�����2UI��Ha's ) ��X@' f(x)
.7/

x ∈ Rn 0�lS´U�U�B>Mµ�} [mn�n_v f(x)

W Rn C�v7#�5 ¬ ?@�;	����v£c�
 ��Z�CLG�>�/o  O}Q[
(a)[4 ³ ]

��� LOe a_sOl"!G O} ) 2 ��PS��/@� .@/ 0 o�W�;+�dµC{W?@����19 Z x :��DX�\
vFEU}Un@o P��D< .7/ � ��� .7/ ���d�����	� Hf(x) �gwX��� 
��H£cSP�vFEU} [ 2 �@PS�1/
� .�/ P��D< .�/ � ��� .7/ �>x�yFzHlSA�� [
(b)[4 ³ ] ��� f(x, y) = x2 − 2xy + 1

4
y4 − 1

3
y3 l�´��������X³��' �@�����N(|[�¬X{_l�;Ua

(a) v�
��H .�/ �gwX���G;B^��2��³F:��DX�\Cz��£z"��
+#�¤J(|[
(c)[4 ³ ]

�.� LMe�P���@2GI��HaQs�l0!� �}�	��8 9��sQ�l_´G����;�Y>Z�[5] ^`�P�=�?U;H�
(Le���4 5�b�Q�o��	�/e|Oo�(�P��	�@;���� ���	�MlH{5I®e Ld¬ ��[
(d)[2 ³ ] �U���£vFE������5��U�>�£v�L��X�>�CP�� | G«®e ��2C�H�dW�Y�Z����	�! ��lSA
� [£ªG�;�A��UU���5:��G5������£vUWGL���"$#@���H��l>{5I_¤J(~[
�B� 4 �i�+�7�

(a) PS]Mµ
2006 ���+� 10 ��PB4�5D�7� 3 jX8@k+�g=D��[

(b) PS]Oµ
� �U³XW (−1,−1), (0, 0), (2, 2). ��X�\dW (−1,−1), (2, 2). (0, 0) l��G����j�%�&�	�£W&'�(�#&��v�W
L��XP�v�;��DX�\dvUWGL��B[

(c) PS]Oµ
2006 ���+� 10 ��PB4�5D�7� 5–6 j�8@kD�g=+��[

(d) PS]Oµ
2006 ���+� 10 ��PB4�5D�7� 7 jX8@k+�g=D��[
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